Musts from Vitis vinifera Pedro Ximenez grapes with sugar contents of 191,241,300 and 342 gil were fermented at controUed temperatures of 15, 20, 25 and 30°C. The fraction of higher alcohols and esters was determined by GLC in a capillary column. By variance analysis signifi· cant differences (p~O,OI) were obtained in the production of isoamyl alcohols and 2-phenylethanol at the different fermentation temperatures, while the hexanol-l content was found to depend on the degree of ripeness of the grapes. Only the contents in 2-phenylethyl acetate and ethyl octanoate among the esters assayed were found to depend significantly on the fermentation temperature, and only that of hexyl acetate was found to depend on the degree of ripeness (p~O,OI) .
Taking into account the production of ethanol, higher alcohols and esters, the best results were obtained at fermentation temperatures between 20° and 25°C, for both white table wines (12% v/v ethanol) and sherry type rme wines (15% v/v ethanol).
The major role played by temperature on the fermentation and preservation of wine has long been known for and reviewed by some authors (Dimotaki-Kourakou, 1966; Du Plessis, 1983) . However, the literature consulted on the influence of the fermentation temperature on the production of higher alcohols showed somewhat inconsistent results, possibly as a result of disregarding some factors. In this respect, Soufleros and Bertrand (1980) point out that the influence of temperature varies with the yeast used in the fermentation, and Houtman and Du Plessis (1981) remark on the strong influence of must turbidity and fermentation temperature as well as the production of higher alcohols.
The presence of solid suspended matter -whether naturally occurring substances or inert compounds added -favours the formation of higher alcohols (Crowell and Guymon, 1963; Houtman and Du Plessis, 1981) . In this respect, Bertrand et al. (1978) found greater production of higher alcohols and ethyl acetate from slurry musts and of higher esters from deslurred musts.
According to Houtman et al. (1980a) , the degree of ripeness of the grapes is one of the chief factors affecting the production of volatile acids, alcohols and esters during fermentation. On the other hand, Bertrand (1980) found the maximum contents in higher alcohols and volatile short-chain fatty acids in the fermentation of musts from early grapes.
This work deals with the influence of the fermentation temperature and the degree of ripeness of the grape on the formation of the major fraction of higher alcohols and esters in the alcoholic fermentation of musts from V. vinifera Pedro Ximenez grapes, grown in Southern Spain.
MATERIALS AND METHODS

Grapes of the Vitis vinifera Pedro Ximenez variety
were collected at ten-day intervals during the maturation period. The first sampling was carried out on 25 August 1983, while the other three were done on 6, 16 and 27 September of the same year.
Of the approximately 60 kg of grapes collected on each date, four types of must were obtained by manual pressing. Musts I and II were obtained from unripe grapes, while must III corresponded to the official day of the vintage in the Montilla-Moriles region (Cordoba, Spain) and must IV was pressed out of over-ripe grapes.
The pH of the musts was adjusted to 3,2 with tartaric acid and enough potassium metabisulphite was added to ensure a total S02 concentration of 120 mg/l. The insoluble solid content was adjusted to 1% with the decanted and centrifuged slurry, and the contents of an industrial seed tank in tumultuous fermentation was added in a ratio of 10% (v/v). The fermentations were conducted on 10 I of must at the controlled temperatures of 15,20,25 and 30°C.
The inoculum used in all the experiments was obtained from an industrial seed tank and two Saccharomyces cerevisiae races, namely race cerevisiae and race chevalieri, were found to prevail throughout the fermentations carried out at the four temperatures used. Only in the fermentations at 20°C was Torulaspora delbrueckii detected more frequently, at the expense of the cerevisiae race. The yeasts were classified according to Kreger Van-Rij (1984) . The overall number of yeast cells and of living cells was the subject of a separate study (Moreno et aI., 1986) .
Samples were analysed at the end of the alcoholic fermentation, when the maximum ethanol content was reached in all the fermentations.
Ethanol was determined according to the method proposed by Crowell and Ough (1979) . Higher alcohols and esters were analysed by GLC by means of an SP-1000 capillary column (60 m in length, 0,32 mm in dia- meter) after separation of the compounds of interest with the aid of Chromosorb 101 and the technique developed by Diaz (1979) .
The higher alcohols and esters quantified were those occurring in greater concentrations: isobutanol, isoamyl alcohols, butanol-I, hexanol-l, 2-phenylethyl alcohol; ethyl, propyl, isobutyl, isoamyl and 2-phenylethyl acetates, the ethyl esters of the acids of 6, 8 and 10 carbon atoms, ethyl and hexyllactate and diethyl succinate. All these were quantified from the calibration curves obtained for solutions of known concentrations subjected to the same treatment as the samples. All correlation coefficients were greater than 0,99. The internal standard used was octanol-2.
RESULTS AND DISCUSSION
The experimental musts were characterized by reducing sugar contents of 191 gil (must I), 241 gil (must II), 300 gil (must III) and 342 gil (must IV). The high sugar concentration of musts III van IV, not consumed by the yeasts during the alcoholic fermentation, facilitated the study of the fermentations carried out under extreme conditions.
Although the inoculum used in all the experiments was the same, the yeast populations were found to fluctuate in the course of the fermentations, in all of which S. cerevisiae race cerevisiae and race chevalieri were isolated as prevalent. These yeasts were also detected in the fermentations carried out at 20°C, where T. delbrueckii was found to occur with greater frequencies production of ethanol, especially in musts with high sugar contents. The fermentation rate was especially affected by the temperature. Thus, the maximum ethanol content was obtained after 15 days in the fermentations carried out at 15°C. Musts II, III and IV yielded their highest ethanol content after 13 days in the fermentations conducted at 20°C, while must I did so after 10 days. The fermentations carried out at 25°C and 30°C yielded the highest ethanol contents after 8 and 7 days, respectively, for all musts.
The higher alcohol concentrations corresponding to the maximum alcoholic degree are given in Table 1 .
The variance analysis (Table 4 ) of the higher alcohol contents reflects that only isoamyl alcohols and 2-phenylethanol vary significantly (level above 99%) with the fermentation temperature, while hexanol-l shows significant differences with the degree of ripeness, its highest contents corresponding to the must from unripe grapes.
The sum of the final contents in higher alcohols depends significantly (99% ) on the fermentation temperature, which is consistent with the findings of other authors (Houtman and Du Plessis, 1981; Poulard et at., 1983; Ciolfi et at., 1985) . On the other hand, no significant differences were found in this work between the degrees of ripeness. However, Bertrand (1980) found an inverse relationship, though only significant at the 95% level. One should probably consider the distortion due to the high sugar content in must IV in this respect.
In Table 2 are listed the contents in the acetic esters assayed, the most highly concentrated of which was ethyl acetate. The production of this compound was found not to depend significantly on the fermentation temperature or the degree of ripeness (Table 4) .
The esters from acetic acid and higher alcohols were found in the following decreasing order of concentration at the end of the alcoholic fermentation: Isoamyl acetate > propyl acetate > isobutyl acetate > hexyl acetate> 2-phenylethyl acetate. The variance analysis of the results obtained showed significant differences with the degree of ripeness in the contents in isoamyl and 2-phenylethyl acetate at the 95% level and in that of hexyl acetate at the 99% level. Likewise, 2-phenylethyl acetate showed significant differences with the temperature at the 99% level (Table 4) . However, the sum of the contents in the acetates of higher alcohols showed significant differences with the two above-mentioned variables at the 95% level.
The contents in the ethyl esters of the acids of 6, 8 and 10 carbon atoms (Table 3 ) decreased with the length of the carbon chain. This has also been observed and accounted for on the basis of the greater solubility of long-chain esters in lipids (Nykanen, 1986) .
With the exception of the results obtained at 30°C, the production of the different ethyl esters of the acids of C6, CB and CIO increased with higher fermentation temperature. However, Houtman and Du Plessis (1981) found the production of ethyl esters of fatty acids to be relatively independent of the fermentation conditions, while Soufleros and Bertrand (1980) found low temperatures to favour the synthesis of these compounds by S. cerevisiae. Ough (1982) obtained the highest contents in ethyl hexanoate at 20°C and those of ethyl octanoate and decanoate at 15°C. The highest contents in these esters were generally obtained at 25°C in the present study.
From the results in Table 3 follows that the production of these esters increased with increasing degree of ripeness, except for must IV, which is in agreement with the results found by Houtman et at. (1980a,b) and Bertrand (1980) . However, the variance analysis (Table 4) applied to the final content in each ester at the end of the fermentations carried out at all four temperatures for the four degrees of ripeness considered only shows significant differences in the production of ethyl octanoate with the temperature (99%) and the degree of ripeness (95%). The sum of the contents in the ethyl esters of the acids of C6 , CB and CIO only shows significant differences (95%) with the fermentation temperature.
The last group of esters was formed by ethyl and hexyl lactate and by diethyl succinate. Their contents are given in Table 3 .
The concentrations of hexyllactate and diethyl succinate are related at the 95% level with the fermentation temperature (Table 4) . Both esters were produced in greater concentrations in the musts fermented at the higher temperatures. Poulard et at. (1983) also found higher contents in diethyl succinate at fermentation temperatures between 26° and 28°C.
Finally, the sum of the contents in all the esters assayed except ethyl acetate shows significant differences (95%) with the fermentation temperature (Table 4) .
CONCLUSIONS
The sum of the final contents in the higher alcohols assayed shows significant differences (p~O,Ol) with the fermentation temperatures because of the dependence of the concentrations of isoamyl alcohols and 2-phenylethanol on this factor.
Ethyl acetate shows no significant differences with the temperature or the degree of ripeness of the grapes. Conversely, the sum of the contents in the remainder of esters assayed does differ significantly (p~0,05) with the fermentation temperature, on which the concentrations of 2-phenylethyl acetate, ethyl octanoate, hexyl lactate and diethyl succinate depend.
Taking into account the higher fermentation rate, greater ethanol production and average contents in higher alcohols and ethyl acetate, as well as the greater production of other esters, the best results are obtained at temperatures between 20° and 25°C, both in the production of white table wines with ethanol contents close to 12% (v/v) and in the natural obtainment of fine white, sherry-type wines with ethanol contents of about 15% (v/v). BERTRAND, A., 1980 
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